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This report presents the accomplishments of the first month of study, and 

describes the work to be performed during the second month. 

The objective of this study is to evolve an opthisation procedure for liquid 

propulsion syutems considering costp selhbillity. performance (payloadr weightp 

etc. 1 and/or development time from the overall vahicle/missioe standpoint- 

2. ADMINISTRATWE 

EHorts on the contract were init:.ated on 8 February a e  agreed upon during 

NA§A/SGC negobiationa. Per the elferkive date of 5 February [specified by the 

contract), the work plan and manpower and expenditure echsddes for the study 

effort were aubxnitted to NASA on 5 March- In order that the maximum benefit 

will be derived from the anticipated subcontracts with SRI and Sperry, those 

subcontracts will not be hitiaged *ti9 the study program has been more com- 

p%etdy oriented a d  definition of mean-hgfd study tasks for the subcontracts can 

be completed. 

3. SUMMARY OF TECHNICAL RESULTS 

The opthimtiion interface appraach based upon a selected system figure- 

of-merit h a m  beta emphasized thus bar h the study to determine effects of varh- 

tion in propd,sioa characteristics on the total vehicle/eystsm program. using 

this techdquca it is gossibh 20 start from the propuEsian/vehicle interface and 

determine the effects on the "outside world'( [non-propulsive comnpsnemts and 

cbraeter is t ics)  by varying all of the propdsion cbracterisbic6. 

knowledge of these effects on ths "outeide world," the propulsion system is in- 

vmtigated to determine the interfrce characteristics which caw be obtained with 

a given set of propulsion compoaent design and denlopetat options. Since ap- 

preciable time during thie report period &as been $mea to mate clearly urauer- 

Standing the merits of this approach, the fo]ljlowing paragraphs w a l  briefly 

eummariee the tecbique. 

3. 1 PropuJLsioA/Vehicle fntarface 

Then with 

Obvioudyp tho e s t  of propulsion ebractesrimtice which influeme the %ut- 

side world" through the interface must be comp%eteD yet not be too cuanberseme 



to deal wi th  One quoation which haa arisen is whether the vehietle s t r u c ~ ~ r e  

and any integral tawleiage should be conaidered to be 0x1 the propulsiem side si 

the interhce or on the ggouteMe. " The characteristics of sese subcrgs%enns 

(mainly inert weight) are 80 htcrrehted wi& tho propdsiom system +&t 

should be and can be more eadly handled directly within the design of %he pro- 

pulrion syatem, 

tool, vehicle rnapnufiacturerr may not hvor iwtaagrol tankage red B % P U C A U F ~ ~ ~ ~  de- 

sign criteria which have been generated by a g'p~opulsion system opbication 

program., 'I Realistically, this problem may form a '*politicalgg hindrance $0 

general acceptance of the program which would be ideally overcome by appEica- 

don of a similar optknicathn concept. to dB vehicle subsystems. It is currently 

planned to defhe the opthi-tign procedure so that it will adopt any of the vari- 

O U ~  basic general tankage and structural geometries as a required input, which 

will then be perturbed and optirnised by variation of the! prsgadsi~w system char- 

acteristicr. 

the propulrrion ride of the interface. 

Howevers in thinkdng of future applieaaann nt E-he r ~ p t i ~ i m t i o n  

It is therefore felt that the structure and tankage wi!.B remain OR 

The following syatems Wial be among those included on the propulsion side 

or on the outside of the interfbce. 



Mission Birnitations, constraints,, and capability requirements OB the pro- 

pdsion and vehicle system8 will  be used as dsaign inputs. Thee8 d l  bcluds, 

but not be limited to, the followings 

A. Limitations B, 
Accdh~ation 
Noiea 
Vibration 
Heating 

Plume 
Em&e Soakback 
Radiation 

Envelope 

Capability Rcquirsxnents 

Throttleability 
Restart 
Thrust vectoring and 

b p d e e  cut-offf accuracy 
Operating environmeat 
Mahtahbiaity 

re eponm 

R@Sdan@08 
Storability [propellant com- 

S t e r  Uisatiora 
biartion) 

C. 

\ 

Constraints 

Development time b u d  
Reliab nity bound 
Growth p ~ k ~ ~ t h l  
Sparesp availabilitye 

nuxnber unite reqO d 
Estiating component usage 

Fabrication hcilities 
Teet facilitieu 

&curie 

Theee hpute wfll% have been deturmined from mission application studiea; howeverp 

as deacribed latere the ~p%%ni~ticpm procedure can earily allow determination of 

the effects of thene inputs on the program cost. 

3-2 Figuse-ob-Meerl& 

The ultimate figurs-of-merit would probably be total program cost for all. 

vehiches and missions to which the rystem wil l  be applied. Howetper~ since in 

the optimization procedure varbtioae in propdnion chsracteristics bring about 

changes in payload, a m0re realistic figure-of-merit (F. 0. MG 9 for current pro- 

ject work has been selected as total program cost per pound of payload. 

tion of this F, 0. M, providecr an "open end" in evaluation of oystean character- 

f8ticso thus eliminating iteration to acbJew a fixed payload we%gbt. 

bound ob payload capabiliw can eaeilly be included in the axa%Iysis of the propdsboa/ 

vehicle system if ne~emsarlp~ 

3 .3  

Utilisa- 

A lower 

S--.L---' Tecbieal Approach Wihg Opthisation Interface Technique 

Ao asa aid e0 mderstianrding the hplicationm and requkements associated 

with the selected approachp initial effo~ts are being directed toward war king 

through a 'vsampPe problem'' of limited 8c0pD Using gro8dy ertimated inputs. 

]initiallyp ''nornbaRt* propulsion interface characterirt%co are established 

based on p ~ s t  programso expedenceP and the given mission ]Limi%atfo8%8D Capability 



and conatraiats. U%Uithg this '@given" nomina8 propulsion system, r equir eznent 

the oysterns and subsymrtems outride the interface can be varied to esbblish the 

'*aominrP" design charactsri~ticr which provide the best F. 0, Me - that is, the 

rystem performance, weighto cost0 reliabilityD and development tirnc arc varied 

in order to determine the 'voptknum" &rign from the cost per pound ob payload 

view point, 

Next, a ringle propulsion interface characbristic is varied while holding 

the o t b r  intedwe characterirticr constanto 

variational cbfectr on t& ~0mina)i characbrfrtics of the "outside world" systems 

and corresponding changer in total program Fa 0. A& 

matically presented in Figure 1.) By v a r y i n g  all of the interface character€stics 

one at a time, and arrllumiag the offects of varying different interface character- 

irticr to be mathematically uncoaaected,, the change in F. 0. M. can be obtained 

for a range in alie of the interface charscte~isticr. 

a lhearimd, locsb reprooeatation of the opthhatioxx intarface surfaceD hdf-  

cating relative advantages (Figure 2a) ob increases decrsaees in propulsion 

syrtarn cost, performance, reliabiPity, and development t h e  far the given ap- 

plication, 

This estab%~shes the interface 

(This procedure is ache- 

Tbs results basically foran 

In the more general caser the propdsion system interface eharactsristics 

and "outside worldfs characteristics must be perturbed on a point-by-paint basis 

over large variations to obtain the complete, aon-linear figure-of-marif surface 

in an "n-dimensional" fashion (Figure 2bZ. However, it ie easily seen a t  the 

linear%sed technique above wm bo areemely usntfd bn i n i w  efforts and mayo 

in fact, be adequte for some appUcatisnr of &&e opthisation toolr 

T& 8econd phase wihl be to hveatiga%e the available propulsiorl systam 

dasiga and devdopmurt options to determine combinations of interface charac- 

Wrist ice  which are obtained With a @vela design, 

deriga wall be sstabliehed Within the misoion conatr;3hts for the specific appli- 

cation, 
on the F. 0, M, graph& give the b o t  total program coat/psund of paylioad will 

be the beat deoign. 

As beforep the prspufaien 

The combination of durigri aurd development options which, w ~ - . A  plotted 
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Studies will be conducted to determine which propuldaa design options in 

geaeral lead to given area8 on the F. 0. U charts and which 0x10s can or should 

be used to given types or leWl8 of mission constraints and capability 

roquiranenta. When dl of the effects of cosstraix~t amd capability variations 

("8POC8. "1 011 the deeign and devdopmoat characterfrtic8 of the propulaion and 
vehicle system8 are empirically or analytically defineable, it will  d o 0  be poe- 

ribh to dohrraine what a givaa con6troirrt is doing to tl10 propulsion rryetem 

der@ aad total program cork. 

3.4 Propuleion and Vehiclo Component Design and Performance; and Options 

and Alternatives 

Studies rad reviewe are currently being conducttad to eet8b1ish both pri- 

mary coznponclat inputa and outpuk, amd design influence from path. between 

tompoxmnte and rubry6tsrne. kr addition, the available propulsion ry6tem de- 

rrign option6 and alltarnatives are being reviewed. 

It i8  intended that tbs subcontract task to Spurry wi l l  include study of the 

application of READ1 (Rocket Engine Analyser aad Deciaion Iastrwnomtation) 

eystern am a cbriga alternative fir the propdoion eystern optbi-tion procedure. 

40 PROBLEM AREAS 

No major problems can be foreseen at the present time. 

5. ANTICIPATED EFFORTS DURING NEXT REPORT PERIOD 

Primary objective. during the aext month will be to: 

1. Continue the ffgure-of-merQt approach %Q eetablish preferable pro- 

pdrion design charactarioticr for a given misiionp wia empbsiu 

on completion of the rimplified "samp.Ie problem. '' 

2. krithto rearch for a d  development of d y t i c a f  and empirical corn- 

poneat prformanco, cost, reliability, & devdopment dab. 

3. Undertake block-diagram type logic paths for the complete optimiza- 

tion procedure, baaed upon "sunple-problom" results. 
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6. EXPENDITURES AND MAWQWER 

The leva1 of effort has beea relatively low since ohe program has beern 

in a definition phase. 

approximately 350 manhour8 and 4240 doIlare, 

Total msnhoure and funds expended as of 5 March were 

4 


